for the CISAI study group background We aimed to assess the prevalence of hypertension in an unselected human immunodeficiency virus (HIV)-infected population and to identify factors associated with hypertension prevalence, treatment, and control.
Atherosclerotic cardiovascular disease (CVD), a leading cause of morbidity and mortality in the general population, is an increasing concern for human immunodeficiency virus (HIV)-infected patients. HIV-infected individuals are exposed to accelerated vascular aging, 1 and this issue has become even more relevant since antiretroviral therapy has impressively extended the life span of HIV-infected individuals. 2, 3 Hypertension is a treatable major established risk factor for CVD and a common condition in HIV infection, with a prevalence ranging 13%-36%. [4] [5] [6] [7] New-onset hypertension occurred with an incidence of 29.8 per 1,000 person-years in a recent report from Norway. 8 The suggestion that antiretroviral therapy and/or HIV infection may be associated with higher blood pressure (BP) has been repeatedly raised, [9] [10] [11] although conclusive evidence is yet missing. 4, 7 More important, recent data suggest that both elevated and borderline high BP are associated with a substantially greater relative risk of acute myocardial infarction in HIV-positive compared with HIV-negative subjects. 12 Thus, identifying and appropriately managing hypertension is a clinically relevant issue in HIV-infected patients.
In this study, we aimed to assess the prevalence of hypertension in an unselected sample of HIV-infected patients enrolled at several Italian sites and to identify its correlates. For the first time, to our knowledge, in this specific setting, we also investigated rates of hypertension awareness, drug treatment, and control.
METHODS

Characteristics of the sample and study design
The study was conducted from May 2010 through May 2011 by the Coordinamento Italiano per lo Studio di Allergia e Infezione da HIV (CISAI, Italian Coordination Group for the Study of Allergies and HIV Infection). Over this period, 1,272 adult HIV patients attending scheduled or unscheduled outpatient visits at hospital sites involved in the CISAI group were eligible. We excluded from the study pregnant women (n = 7) and patients with current or recent infectious diseases (n = 83). The remaining 1,182 patients underwent the following standardized procedures and were included in the study.
As reported in Table 1 , the database was complete for nearly 95% of the study cohort. Sex, age, body weight, height, targeted anthropometric measures, smoking habits, BP, waist circumference, history of diabetes, lipodystrophy, metabolic syndrome, chronic hepatitis, and HIV stage according to the Centers for Disease Control classification were all recorded using a standard data collection form. Laboratory tests included absolute CD4 + T-lymphocyte count and fasting total and high-density lipoprotein cholesterol, triglycerides, and blood glucose. Duration of HIV infection was estimated as the interval between the first serological positive test for HIV and enrollment. Lipodystrophy was defined by the physician, as described previously. 13 Metabolic syndrome was diagnosed according to Alberti et al. 14 The diagnosis of hypertension and diabetes was based on standard international criteria. 15, 16 Patients receiving antidiabetic or BP-lowering medications were classified as having diabetes and hypertension, respectively. Office BP was measured by a physician in the outpatient clinic with a mercury sphygmomanometer, with the study subject seated for ≥10 minutes before measurement. Measurement procedures were standardized among enrolling centers before starting enrollment. 17 The average of 3 consecutive measurements was repeated on at least 2 different visit days 3-4 months apart.
Patients were classified as having normal BP (≤129/84 mm Hg), high-normal BP (130-139/85-89 mm Hg), and hypertension (≥140/90 mm Hg). Antihypertensive drug classes included angiotensinconverting enzyme inhibitors or angiotensin receptor blockers, calcium-channel blockers, diuretics, β-blockers, and other antihypertensive agents. Treatment rates were calculated as the number of hypertensive patients receiving antihypertensive medication(s) divided by the number of all hypertensive individuals. Rates of hypertension control were calculated as the number of treated hypertensive individuals with BP <140/90 mm Hg divided by the number of all hypertensive individuals, whether or not on treatment. 18 Hypertension control on treatment was defined as the ratio of treated hypertensive individuals with BP <140/90 mm Hg divided by the number of hypertensive individuals treated. 19 Pulse pressure was calculated as the difference of systolic BP (SBP) minus diastolic BP (DBP). Mean arterial pressure was calculated as (2 × DBP + SBP)/3. The risk of major cardiovascular events over the next 10 years and the estimated vascular age were assessed in all patients and control subjects according the Framingham Risk Score. 20 Informed consent was not required by the ethics committee because confidentiality was guaranteed and no interventions were performed beyond ordinary good and standard clinical practices (repeated standardized BP measurements).
Statistical analysis
Data analysis was conducted with SAS for Windows version 9.1 (SAS Institute Inc, Cary, NC). In the crude analysis, we used the Mantel-Haenszel χ 2 test to assess the association between groups (normal, high-normal BP, hypertensive patients) and categorical variables. Means were compared using the analysis of variance. Odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) were used to indicate the association between hypertension and patients' characteristics. To evaluate the clinical variables potentially associated with hypertension as compared with normal/ high-normal BP, we included age, sex, family history of CVD, previous cardiovascular events, body mass index, and diabetes in the regression equations as potential confounders in the multivariable analysis. The authors had full access to the data and take responsibility for their integrity. All authors have read and agreed to the manuscript as written.
RESULTS
Hypertension prevalence and awareness
A total of 1,182 eligible HIV-infected patients (mean age = 47 years; range = 18-78 years; 71% men; 92% white; 6% antiretroviral treatment naive) were included and evaluated. The overall prevalence of hypertension was 29.3%; 12.3% of the patients had high-normal BP, and 58.3% had normal BP. Among hypertensive individuals, 64.9% were aware of their hypertensive status (19.1% of the whole population), and 35.1% (10.3% of the whole population) were newly diagnosed during the investigation (Figure 1 ).
Hypertension characteristics and control rate
Average SBP/DBP was 119.9 ± 15.1/76.6 ± 9.8 mm Hg in women and 124.6 ± 14.3/79.6 ± 9.7 mm Hg in men. Figure 2a shows SBP and pulse pressure as increasing progressively with age, whereas DBP reaches a plateau in the sixth decade and decreases thereafter. Because the inclusion of treated individuals may lead to underestimation of BP, we also performed the above analysis after adding 10/5 mm Hg to the SBP/DBP of the individuals on BP-lowering medications 21 and after excluding treated hypertensive subjects. In both cases, the trend of BP components across the different age groups was identical to the one reported above (data not shown). As shown in Figure 2b , a robust linear relation was found between age group and hypertension prevalence (χ 2 for trend = 44.4; P < 0.0001, after adjustment for sex, family history of CVD, previous major cardiovascular events, and diabetes). Selected characteristics of the study population according to hypertensive status are reported in Table 1 group. Treatment and control rates are displayed in Figure 1 . Overall, 52.9% of the hypertensive subjects were receiving BP-lowering treatment (15.6% of the whole population), and 33.0% of the hypertensive subjects were under BP control (62.5% of the treated subjects). Among patients with treated but uncontrolled hypertension, 23% had isolated systolic hypertension (SBP ≥140 mm Hg and DBP <90 mm Hg), 32% had isolated diastolic hypertension (SBP <140 mm Hg and DBP ≥90 mm Hg), and 45% had systolic-diastolic hypertension (SBP ≥140 mm Hg and DBP ≥90 mm Hg).
Hypertension and HIV-related factors
In multivariable analyses, to compare cases of hypertension and control subjects, patients with normal and highnormal BP were combined in the final models. Age, sex, family history of CVD, previous cardiovascular events, diabetes, and body mass index were used as adjustment terms in the regression equation, and other factors were included one at a time. In multivariable regression models (Table 2) , hypertension was independently predicted by age ≥50 years, male sex, family history of CVD, previous cardiovascular events, and diabetes. After adjusting for the above variables, overweight or obesity (body mass index ≥25 kg/m 2 ), central obesity (after excluding body mass index from the model), metabolic syndrome, duration of HIV infection, and duration of antiretroviral treatment were all independently related to the presence of hypertension. A nadir CD4 + T-cell count <200/μl was significantly associated with hypertension (vs. nadir CD4 ≥350 cells/μL). Current stable treatment with protease inhibitors or nonnucleoside reverse transcriptase inhibitors was not related to hypertension.
BP-lowering drugs
BP-lowering medications were used in monotherapy in 54.3% of the subjects. Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers were the most frequently used drugs (76.1%), whether used in monotherapy (39.1%) or in combination treatment (37.0%). Calcium-channel blockers (Figure 3 ).
DISCUSSIOn
The HIV and Hypertension (HIV-HY) study analyzed a large, unselected sample of Italian HIV-infected patients, mostly on combined antiretroviral treatment, observed in routine outpatient clinical care to assess the prevalence and characteristics of hypertensive patients in this population. We found that 29.3% of the subjects were hypertensive and an additional 12.3% had high-normal BP. Among hypertensive subjects, about 35% had not been previously diagnosed, suggesting that BP measurement should receive additional attention in HIV clinical settings. Uncontrolled BP has a well-known major impact on the risk for cardiovascular morbidity and mortality, carrying a heavy socioeconomic burden. 22 The prevalence of hypertension in the HIV-HY study (29.3%) was comparable with that of other studies that involved HIV-infected patients of similar age (13%-36%). [4] [5] [6] [7] Although this study was not designed to compare the prevalence of hypertension in HIV-infected and -uninfected persons, age-specific prevalence of hypertension as reported in an Italian general population was not dissimilar from that reported in this study. 18 Other Italian population studies with similar age and sex distribution also showed a prevalence of hypertension ranging 29%-36%. 23, 24 Our study analyzed in addition simple hemodynamic characteristics of BP in HIV patients. BP measurement provides a systolic and a diastolic value, representing the extremes of pressure fluctuation during the cardiac cycle. Two main components generate such values: mean arterial pressure, a steady component reflecting the resistance of the microvascular network and overall circulatory pressure load, and pulse pressure, reflecting large-artery stiffness and wave reflections. 25 Aging of arteries is gauged by changes in both systolic and pulse arterial pressure, specifically by the increase of pulse pressure. This results in a sharp increase in pulse pressure with aging in both sexes, particularly in patients aged ≥50 years. The behavior of different BP components in our study was very much similar to that observed previously in the general population, 26 with a progressive rise in SBP with increasing age. DBP, conversely, reached a plateau at approximately 60 years and declined thereafter. Chronic HIV infection may impair and negatively influence the elasticity of the arterial tree, [27] [28] [29] [30] and the age-related increase in pulse pressure may be considered a simple, although somehow indirect, measure of arterial stiffness. These aspects, however, deserve additional and specific investigations in the HIV population.
Among hypertensive patients, relatively low rates of awareness (64.9%), treatment (52.9%), and control (33.0%) were observed. Only appoximately one-third of the hypertensive patients achieved the recommended BP values, with the others lagging in the abnormal range. Our data are in line with the results of other studies in the hypertensive general population, showing high proportions of patients with inadequate BP control. In particular, we report a rate of hypertension awareness of 64.9%, which is comparable with the values of 56%-70% obtained in three Italian population studies. [31] [32] [33] The proportion of hypertensive patients with controlled BP (33.0% in our study) should be interpreted against the background of the corresponding values reported in population-based studies, which range 22%-30%. [31] [32] [33] Moreover, because our population regularly accessed medical settings where BP measurement might be routine, one could expect even lower rates of hypertension awareness and treatment in other clinical settings. The rate of hypertension control in HIV patients was even lower (22%) in a recent Norwegian study carried out by Manner et al. 8 The potential consequences of a low rate of hypertension control may be even more relevant in HIV patients than in the general population. Indeed, HIV-infected subjects represent a population at particularly high cardiovascular risk due to the high prevalence of comorbidities 34 and of major cardiovascular risk factors 35, 36 and the specific additional role of HIVrelated factors such as antiretroviral treatment and low CD4 + cell count. 34 Interestingly, in our study a more advanced HIV-related disease was more frequent among hypertensive subjects (Table 1) , and a low nadir CD4 + cell count and the duration of antiretroviral treatment were both independent correlates of hypertension. These data are in line with previous studies showing that a low CD4 + cell count is associated with both prevalent 37 and incident hypertension, 38 as well as with endothelial dysfunction 39 and arterial stiffness. 28, 40 On the other hand, in an unselected Italian population, we found no differences in the proportion of hypertensive patients among recipients of antiretroviral drug regimens based on either protease inhibitors or nonnucleoside reverse transcriptase inhibitors, in line with the findings from the D:A:D: study. 41 The management of HIV infection is actually complicated by polypharmacy, which may increase the rate of potential drugdrug interactions with antiretroviral therapy and facilitate drug toxicity and low treatment compliance. As regards antihypertensive treatment, we found that in our population angiotensinconverting enzyme inhibitors and angiotensin receptor blockers were the most commonly used drugs, both in monotherapy and in combination treatment, in agreement with recommendations in the European AIDS Clinical Society guidelines, 42 which warn about the potentially significant interactions of protease inhibitors and nonnucleoside reverse transcriptase inhibitors with calcium-channel blockers and β-blockers. 43 The main strengths of our study were the inclusion of an unselected multicenter sample of Italian HIV-infected patients assisted at current sites of ordinary care, which likely represents the general assisted population at the same sites, and the universal adoption of a validated and standardized procedure for BP measurements for all observed patients. The most relevant limitations in this work include the cross-sectional observational design of the study and the absence of a parallel control group of uninfected individuals.
In conclusion, this multicenter, nationwide, cross-sectional study gives an account of the impact of hypertension and associated features in an unselected sample of the HIVinfected population. Clinical management of hypertension was inadequate in many HIV patients, as more than onethird of the hypertensive patients were undiagnosed and approximately two-thirds were uncontrolled. This finding may have important implications because uncontrolled BP levels may increase the risk and impact of CVD in this population. A higher level of attention to hypertension and its treatment is warranted in the setting of HIV infection.
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